Failing immunity has been acknowledged for its contribution to cancer development and progression. Recent clinical findings have provided payoffs for significant preclinical evaluation and refinement over the last 20 years, but many questions remain to be answered. In this issue of the JCI, Marabelle et al. describe a novel method for targeting the Tregs that infiltrate tumors, demonstrating that dampening the tumor immunosuppressive environment while activating innate antitumor immunity may be an effective approach to cancer treatment.
Immunotherapies have potential for the treatment of cancer, because immunebased therapies act through a mechanism that is distinct from chemotherapy or radiation therapy and because they represent non-cross-resistant treatments, with an entirely different spectrum of toxicities. Both T and B cells are capable of recognizing a diverse array of potential tumor antigens through the genetic recombination of their respective receptors, and, more importantly, both T and B cells can distinguish small antigenic differences between normal and transformed cells, providing specificity while minimizing toxicity (1) .
Several studies have sought to characterize aspects of the immunosuppressive tumor immune microenvironment and the mechanisms that may be responsible (2) . There is clinical and preclinical evidence that activation of an antitumor immune response can result in tumor regression and provide clinical benefit, but the natural CTL immunity against tumors often falls short of preventing the development of malignancies. Attempts to maximize the natural response include using antibodies (e.g., anti-CTLA-4-blocking antibodies ipilimumab and ticilimumab) and vaccines (e.g., Provenge) as well as cytokines (e.g., IL-2) (3). However, the clinical response rates to these interventions remain low, and there are currently no clear means to identify either patients who may respond to therapy or identify markers of response in patients that have demonstrated some clinical benefit. Immunotherapy aimed at harnessing endogenous antitumor immunity by modifying immune regulatory mechanisms has shown promise in multiple tumor types (3, 4) . However, in order to unleash the full potential and exquisite specificity of the antitumor immune response and achieve the best clinical responses, the multiple immunosuppressive networks co-opted by tumors need to be defined and collectively overcome (4) .
Identifying the regulators
The adaptive immune system can recognize and eliminate malignant cells; in experimental models of cancer, the adaptive immune system can limit growth of spontaneous and transplanted tumors, and antigen-specific T cells can be detected in human cancers (5) . However, the efficacy of this antitumor action is inhibited by the tumor microenvironment. Tolerance to tumor antigen may occur due to antigen persistence, downregulation of MHC, or presence of antigen-specific Tregs; indeed, the prevalence of Tregs in peripheral blood and tumor and expression of programmed death-1 ligand (PD-L1) in cancers are independent predictors of poor survival (6) . Nonspecific innate tolerance can also be maintained through the production of antiinflammatory and immunosuppressive mediators and downregulation of APC activity (7) .
The tumor microenvironment favors immune-suppressive regulators, rather than immune effectors (7). Potential tumor cell-intrinsic mechanisms of immune evasion further include reduced expression of MHC molecules and increased expression of immunosuppressive molecules, e.g., FasL and cytokines, such as IL-10 and TGF-β. The tumor immune infiltrate is also skewed toward an antiinflammatory and immunosuppressive state, due to the expression of surface molecules that mediate immune suppression like PD-L1 (8).
In addition, tumor-associated macrophages (TAMs), tumor-associated fibroblasts (9), Tregs, and soluble factors produced by suppressor cells all contribute to cancer-induced immune suppression (10) . A recent study has also described the contribution of myeloid-derived suppressor cells (MDSCs) to pancreatic cancer progression (11) . The accumulation of MDSCs in patients with advanced cancers, including pancreatic cancer, was shown to be closely related to the extent of disease and correlated well with disease stage (12) , as did increased infiltration of Tregs, reduced numbers of effector T cells (e.g., CD8 + CTLs), and a bias toward a Th2 response. An increase in Tregs has also been reported in the peripheral blood of patients with cancer with associated impaired response to tumor antigens compared with that to nontumor antigens. TAMs may drive multiple protumor processes, including immunosuppression, angiogenesis, and secretion of direct tumor growth factors (10) . The role of other innate immune cell types has not been well characterized.
Targeting immunosuppression
In this issue of the JCI, Marabelle et al. (13) found that tumor-infiltrating Tregs were enriched for the cell surface markers CTLA-4 and OX40. To target these specifically, the authors injected mouse tumors with anti-CTLA-4 and anti-OX40 antibodies, along with CpG to activate the innate antitumor response. This resulted in a systemic antitumor immune response capable of eradicating disseminated disease. The effect of this immunotherapy was even measurable at distant, therapy-restricted sites like the CNS.
The immunosuppressive markers, targets, and combinational approach described by Marabelle et al. (13) is not entirely novel, as the same group (14) and others (15, 16) As our understanding of the potential of immunotherapy expands, so does the list of research questions that will need to be answered before this approach can be translated for effective clinical use (Figure 1 ). How long would we need to treat patients with immune modulatory therapies? What is the best combination of approaches? And last, we need a clearly defined clinical readout for therapeutic response. Our understanding of the evolution of immune escape is still incomplete, and additional work must be done to identify those patients who will benefit most from immunotherapy and to develop novel strategies.
correlates with better survival (21-24), leaving us puzzled to clinically relate their relevance. Why do only approximately 15% of patients with advanced melanoma benefit from anti-CTLA-4 treatment? And how can we better screen for those more likely to respond?
Unanswered questions
The effectiveness of the antibody-mediated immune response is, as outlined above, influenced by several components systemically and within the tumor microenvironment. To what extent does the addition of antiinflammatory drugs influence and potentially enhance the immune response? FcγR is expressed on a variety of effector cells, such as macrophages, neutrophils, mast cells, and NK cells, and complement factors are present in the tumor microenvironment, so the interaction of the Fc part of the therapeutic antibody bound to its tumor antigen will initiate an inflammatory response of some kind. This response is crucial to orchestrate the right influx of leukocytes, resulting in lysis of the target cells (antibody-dependent cell cytotoxicity and complement-dependent cytotoxicity). However, it is also clear that cancer-related inflammatory processes in the microenvironment of the tumor mediated by binding of endogenous antibodies can also orchestrate the protumor function of myelomonocytic cells (25). The possibility that these tumor-fostering mechanisms initiated by the therapeutic antibodies can Figure 1 Marabelle et al. showed how local immunotherapy in mice helps the eradication of tumors at distant sites, even in an immune-privileged site such as the brain. This study opens several questions, and how these findings may translate to human immunotherapy is still a matter of debate. 
